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THE ENLARGED ¥,A.C.a. TANK, AHD SOME OF ITS WORK*

By Starr Truscott
EABLY TOWING BASINS

When work on the original H.aA.C.A. tank was begun in
1929, there were few precedents that could be used in its
design. The construction, cquivment, 2nd nethods of test-
ing of most of the towing basins in cxistence had been de-—
veloped to suit the study of models of hulls of displace-
nment craft. The resistance of such a model was determined
with the expectation that it would be divided into "fric-
tional' resistaice and "wave-mking," or "rocidunary," re-
sistauce accoriing to the Froule method and that the re-
sistance of the full-gsize craft would be estimated by com-
puting the frictional resistance independently and adding
the wave-naking resistsnce obtained by stepping up that of
the model according to Froude'ls law.

The principel interest was in resistance at uniforn
speed, corresponding to the interest of the ship operator
ir the ability of a ship to naintain a certain operating
speed indefinitely with a nininun of power. What would
happen ot extremely high spceds was of little interest pro-
vided that the resistance at the designed speed was low.

The towiagz carricges of most of the model basins were
made of structural-stecel scections and plate riveted togetihe-
er and usually had four wheels with hardencd and ground

steel tires,. The wheels ron on steel railg that resembled

railroad rails and that were nachined to provide a straight,

smooth, and level course for the wheels,
The naxinum speed of most of the carriages was less
than 15 miles ner hour.

THE ORIGIWAL W.A.C.A. TANK

With such precedents, we began the design of a towing
basin intended to test models of seaplane floats and hulls.

*"Der vergrSsserte HACA-Schleppkanal und einiges {ber secine

Arbeitsweise." Janrbuch 1938 éer deutschon Luftfahritforschung

(supplenentary volume), pp. 374-95.
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These models were of craft that were not true water craft

at all but used the water only as a means of temporary sup-
port when at rest, when landing, or when taking off into
their proper element - .the air. When the craft was in mo-
tion, the lcad on the water varied; in a take-off it changed
continually from a maximum- to zero as the machine passed
from one element to the other. The water resistance varied
from zero o a maximum and back to zerc as the speed in-
creased, and could not be divided into frictional resistance
and wave-making resistance in any simple manner because the
wetted surface varied continually through the take-off run.
Fortunatelr, the full-size aircraft were not very large -
compared with ships - and models of moderate size would rep-
resent them to relatively large scale, and thus would tend
to reduce any difficulties from scale echcts.

It was clear that the new tank must have a towing car-
riage capable of high speed and that, in consequence, the
tank must be much longer than the usual ship tank and much
greater power must be provided to propel the carriage at
the greater speecd. More powerful devices for stopping the
carriage at the end of the run must be installed and in or-
der to avoid sliding wheezsls and dzmage to tires and rails,
additional length must be provided for starting and stopping.

The most influential factor of all, however, was the
requirement that the cost must be rigidly restricted because
the funds available were very limited. This restriction
meant that attention - and money - must be concentrated on
the absolutely essential features of basin and carriage and
that evervything else must be reduced to the barest minimum.

A workable solution of the problem Just outlined was
obtained by devising methods of construction, types of
equipment, and means of operation that had never before been
used in towing basins. Among the novel features of the orig-
inal ¥.A.C.A. tank, which is described quite fully in refer-
ence 1, were: :

1. A basin 1980 feet long, intended to give the towing
carriage a sufficient length of run to take usable
readings at its maximum speed.

2. Running rails made of structural H beams which, although
not machined, nevertheless gave n sufficiently smooth
surface for the tires of the towing carriage.

3., A towing carriage that had a meximum speed of 60 miles
per hour (88 ft, per sec.) and hence could tow large
models of seaplane floats at speeds corresponding to
high get-away speeds.
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4, Pneunmatic rubber tires on the running wheels of. the

s o~ bowlng. carriage, upon.which the carriage ran ’
smoothly in spite of the ull&hL roughness of the
surface of the rails and which gave grceatcr adhesion
than steel tires, thus making it possible to accel-
erate and decelerate at very high rates.

In general, each of the novel fentures incorporated in-
to the original design has worked well and, to compensate
for o fow difficulties advantages have appeared that were
not foresecn when the original ideas werc proposed. The use
of the E beam rails and thc rubber tires was proposed by the
writer as a method of making a considerable saving in the
cost of the tank. It was not until the detoil desizn was
begun that the potenticl effect on the starting and stopping
of the carriage, because of the greater coefficient of frie-
tion on the rails, was perccilved ond advantage taken of it.

The high maximum speed of the towing carriage in combi-
nation with the rubber tires provided the anticipated abili-
ty to attoin speed guickly and thus to use the length of the
tank to the full 1in normal running. The length of the tank
was found to be sufficlent for a test run of about 10 seconds
at 60 miles woer hour but, at speeds under 30 miles per hour,
from 2 to 8 test points could be obtained during a single
run of the length ol the tanlk, the larger number naturally
corresponding to the lowest specds used. This nethod of op-
cration considerably incrcased the amount of work that could
be dore in a Ziven tine.

Good «s were tho results obtained with the original

M.ALC. A. tank, the rapid development of seaplanes and the

increasing work required of the tauk soon made it plain
that even bettecr performance would be required, and in 1936

~one point could be gotiten

serious consideration was given to proposals to enlarge it.

: The prinnry reasons for eularging the tank

sere to in-

crease the amount of work that could be done in a given
time and to be able to towlarger models at higher spceds.
As has been stoted, the length of the tank was found to be

sufficient 0o provide a run of
per second. It was also fou=nd,

feet Pec

about 10 ceconds at 88 fecet

however, that generally oanly

in a rua if the speed exceedoed 40
second., Inasfuch as a

good nmany ‘tests with large

models requlr ed tast runs at speeds up to 50 feet per second
and, occasionally, to 60 feet per second, many of the runs

gave but one poinsg. It was clea

ar that, if the tank were 500

feet longer, ot least one additional point par run could be

obtainsd at the higher speeds,

and more at the lower ones

and the time lost in accelerating and brakingz would become
a smaller part of the total time of the run.
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Furthermore, the development of even larger and faster
seaplanes was being discussed as a serious matter; and,
inssmuch as tecsts of nodels of such craft would require
higher speeds of the towing carriage, the proportion of
single-ynoint runs would be increased, with a consequent
rbductlon in the anount of work accomplished. These facts
indicated that an increase iu the length of %the basin and
inecrcascs ian the spoed and the power of the towing carri-
age would Dbe desirable

A survey of the ovailable spice showed that the naxi-
mum amount ¥y which the length of the basin could be in-
creascd was 200 feet and +qﬁ extension of tho tank by that
anount was authorized. The enlarged tank wos opened for
work in October 1237. The rclative lengths of the origi-

nal and the enlarged tank can be seen in figure 1.

5]
3

5}
g

PRIC ENLARGTED ¥.A.C.A, TANX

'CIPAL CHARACTERIST O

L

The nost coaspicuous of the features of the enlarged
H.A.Cuhe tank arc aorlvcd dircctly from thoze of the orig-
inal tank and owc their present form not only to the rea-
sons for their first use but also to the experience ob-
tained with then. 4s in the original tank, therc are:

1. 4 basin of great leongth (new 2,880 Fi.).

Rails made of struciural H beansg, without machining.

V]
.

3, A towing carriage of very high speed (now 80 n.p.h., ¥
naxinun). 5?5

4, Rubber tires on all the whce
-

(68

ls, prneunatic on thc
running wheels and solid o

n the gzulde wheels.

These featurcs, togother with some relotzd natters,
will now be discussed in more detail, in order that their

effects on the mothods of testing models and the methods

of reccording data may be more clearly scen.
Basin.~ The reinforccd concrete besin of the enlarged
H.A.Ceh. tank has the following dimensions:
o
Feet
Lerngth on water, cxirene 2,920

ifornnl width of water surface 24
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Yee
Wornal depth of water : 12
Length of 12-foot depth . 2,880

In the old p xrt of the tank the side walls are coved
in above the water in order to bring the rails. closer to-
gether and also to help reduce tae waves. - In the exten-
sion the side walls cxtend vertically above the water
lcwvel for 15 iaches and then meet the horizontal lower
surface of the overhangs thot correspond to the original
cCOovVes., The purposc of this change in section is to make
it possible for waves to run frecely in the extension when
the wave sunpressors nre rencved, altnough they will begin
to discipate when they strikcec the coves in the old section.

Tie two sections ore conparced in figure 2.

The conopy of the extension is precticrlly *he sane
in structure and arran,cnent as that of the original tark,.

Tl.e raills upon wiich the towing corringe ruuns are
structural E beornie sot with the web verticoal, as in the
original tonk, and are supporte on carirs of thae sane
type as in the originael tani,

Towing corriagse.~- The orizinal towing ceorriage of the
TohaCosia tkgk had four wheecls, ench fitted with a larsge
prneunatic tire »F the tyn2 uvesed on high-spoed buscs. These
tires were not a gtandoard type of tlrb but were aspccially
rnede with snooth treads, The loacs oun each tire was about
5,000 pounds and the wheels and tires wera la e and hecavye.

(29

Cheonging wheels and tires wis a difficult and labori-
ous process and it was concluded that operation would de
LVetter if o standard-size tire covld be used and the load
per tire be thereby roeducedi. These objectives were accom~
plished by doubling tilie nunber of wheels and reducing their
size to suit a tire thet is rezularly nade with a smooth
tread. Doubling the numboer of wlhcels made it possible to
double the number of propeliing motors and thus to increase
the acceleration and the naximun specd of the towing carri-
age.

The tewing carriage used on the cnlarged W.A.C.A.
tank, as shown in the diagrom (fig. 3}, was made by remove
ing from the four corners of the old carriage the structure
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that supporte¢ the wheels, the motors, and the gears, and
replecing it by a new structure, within which are support-
ed the trucks carrying the new whecls, the new motors, ‘and
the now gears. The new structure was nade of steel tubing
of the sane type and siges us & in the o0ld structure; it
was welded in itself and to the old carriage structure.

Trucks.~ The towing carriage now operates on eight
wheels arran;ed ia four groups of itwo. Each wheel 1s driv-
en by o 7b-horsepower clcctric motor through a worm and
gear and is not mechaunically connccted to any other whecl.
Each pair of wheels supports a truclk that carrics the two
notors and supports the carriage through a pivot pin. The
truck can rock freely on ball bearings .on the pin and any
slight irregularitics in the track causc less vertical no-
tion of the carriage itself than they 4id with the four-
wheel arranczencnt. Autcnotive practice has been followed
throughout and wheels now can be removed - for grinding tires,
or repairs - about as casily as from the axles of an auto-
nohiles

This is beli
wheels arrane i
althouzgh it is re
very spccial natur
methods of work i

st use of cqualized

for towing bvasins,

;s primarily the
egu~pmbnu, and

The service brakes arce cutonctive and can also be
operated by hand or by standard automotive air-brake cquip-
nent controlled by a pedal. In order to save weisght, the
conpressed-alir rescrvoirs are charged through a hose fron
a fixed compressor and rescrvoirs "ashore! and not by a
conpressor on the carriage.

-

Elecctrical brokias - regenerativ
provided as it was on the old carriage;
provided so that when the carriagze passcs a certain point
the dynoemic braking is outonatically appliecd. If the car-
riage passes another point farther on, a second track
switch opecrates and the air bralke is applied full strength
as in an cncrgencly. The last resort in braking renains the

ab brekes that were fitted on the original carriage.

ve and dynanic - is
a3 & track switch is

The DosaibiTity that a tire nay foil aas been provid-
ed for by fitting under each trucl:, dut attoched to the
nain strvct¢r~ a steel rollcr to reccive the weight of
thice carriage and roll on the rail. The car nced sink only
half an ianch to brinz the roller into play.
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The structure of the carriagc proper is the same as
T 77 in tHe original. - Two cross girders are Jjoined by two
outside girders and a central girdcr, and all are nade of
gteel tubing welded together.s The decep ceatral girder car-
ries thc dynaononeter n~ud towing gear and a cab at the for-
woard end carries the nmotornarn who controls the speed and
braking of the carriage.

The cosntrol of the specd of the carriage is by the
Yard Lecnard system. Direcct current is supplied to the
ficld coils of all tho motors at the constant voltage of

240 volits and the speod 1s controlled by varyiang the volt~
age of the current appliz2d to the motor arnaturas

A potenticneter rheostet, operatad by o notor that is
controlled from the towing corricce, centrols tae excito-
tion of the gencrantor supplying the nrmotuare current and
thus ccntrols Dotk the voltnge anpliced to the notecr arna-
tures and tuc swmeed oif the carriase in eitlher direction.

[

Yhe regencrative clectrical Tralking of the coarringe
is coutrolled by the rotornan. Dynanic brahlng is algo
: pelal coantrolling the alr Lraiktes is de-

applicd when the
c

The corriage draws ite sunnly of rower and its control
of spred aud brakins from four -nairs of trolley wires that
extend tae full lenth of the tank and are supported Dby
catcenoary systeuis. One rair of %rclluy wires sunplies in-

' depencent power to the corriage for lichts, driving snmall
it notors, and the lixe

) 4 sccond walr supplicvs the field current for the pro-
b pell“““ motors, o third »air supplies tiae armature curreat
for the propocliling notors, and the fourth pair provides one
cantrol circuit for controlling specd and regencrative
braling and another for controlling dynanic braking

A snall notcr-senerator set supplios 240-volt direct
currcnt for sxciting the large generator, for the field
currcnt of the propelling motors, and for independent power
- on the carriasze. A larze motcr-gencrotor set, consisting
of o 1,250=~horscpover synchronous notor and an 850 kw d.c.
gener wtor canable of supplyiag up to 850 volts, supplics
currveat at variable voltage for the armature circuits of
i the pronelling motors.

The electrical cquipnent differs consilerably from that
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in usc in most Euwropean tanks, particularly in that no
batteries are used and in that the uniformity of speed of
the towing carriage is dependent entirely on the uniforn-
ity of the voltage output of the motor generator sects

In conncetion with the extension of the tank, a two-
story office building was added at the south end of the
tank and the north cnd of the shop was cxtended 100 fceet.

iat v btainecd on the
it during the tests of a

c 3
towing carriage of the T.A.C.A. tar
modcl arc:

Spacd

Besistance

Trimning nonent
Lift developed by the hydrofoil device

Draft (or vise of center of gravity)

The cquimizent for obteining tihaecse quantities (the
towing b sar) corsists of the dynenormceter, the towing giricr,

and the balance linkegpe end is arranged as shown on figure
4,

Sweed is meosurced by determining the distance traveled
in a definitec timec. The ¢istance is obvoined from the dis-
tance tanc, & steel tape 1 inch wide that exteands from onc

i
end of tliic bank to tic other. It is sccured at the south
end of tne basin and rests on supporrtiang brackets that ex-
tend below the bottem chords of the roof trusses. At the
north end¢ of the baair it passes over o shecave and is held
under tension by & weighi. Holes 1/2 ineh in dianmcier occur
in the tape every 5 fcet throughout its lcength.

Two shcaves, cnrried above tho top of the main girder
of the carriage, lift the tape off thie brackets and guide
it throusch a horizontal slot in onc side of a small box.

On onec side of the slot is o source of light and on the
other a photoclectric tube. The light beom normally is in-
tercepted by the tape but f2lls on the tube cach tine a
hole passes through the slot and the energy generated in
the tube causes a small solenocid to tilt & tiny mirror and
deflect & beam of light.
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The time is obtained from a clock that closes a cir-

cuit for a snnll frection of a second at Jdntervals. of onc— .
“nalf second and each time soends a small current to tilt a

second mirror and deflect a second beam of light.

Both of the mirrors Jjust described are located near
the top of the dynamometer and the deflections of their
beams of light arc recorded on photostat paper in the
capera on the top of the tube.

Raosistance is measurced from the deflection of a stiff
plate spring mountcd at the bottom of the large tube. The
pull of the model is applied to the bottom of the spriang
and causces a small deflection. This deflection is multi-
plied by a lcver extending uopward within the tubz. A
stylus at the upper ead of the lever beers against o flat
plate that hangs vertically from an axis and is kept in
contact with the stylus by n bair sprin;. A small hori-
vontal mirror . rests on the axis and moves with the verti-
cal plate.

A beam of light from o sourcc at the upper encd of the
tube folls on ths nirror and is reflected to the upper cnd
of the tube and through o nnrrow slit in the bottom of the
camera, where it falls on the same shaet of photostat paper
as the beams fron the distance and tine mirrors. A record
is obtainod by moving the pactestat paper ncross the slit
at o predeterninad speed ond thus recording the novencnts
0T all threc nirrors os lines that appear waen the paper
is devecloped.

m"he notion of the resistance mirrcr is followed by an
observer - usuwally called %“he "dynanoncter nan" - who
wotchos the motion of o spot of light on o screen at the
side of the tube. This spot of light comes from & second
source situatoed ot one side of the recording onc and, after
reflection by the rosistance nmirror, falls on a long hori-
zontal nirror frcem which it is reflccted to the scrcen.
The novencats of a bean from thoe time nirror also can be
scen on the screen, and a failure of the lanps or of the
tinme-indicoting couioment con be instantly detected.

This device has been used practically os described
since the He.AsC.A. tank began operation and, after various

"teething trcubles" were over, hos glven very good resultse’

Tho principal trcuble with it today is that the lonmps al-
ays select the nost critical test point or run on which
to burn out or %o beconme ternperanental.
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The towing girdcer is a frane of welded stcel tubin
g 8 8

uspended at the two ends by stainless-stcel tapes that
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cver the two shecaves to the eand of the plqton rod that
cs from thce danping cylinder and supports the counter-
tht poan. The weight on the water, or load, of the nodel
ternined by the welght on the counterweight pan. The
attached to the girder by the pivot fitting at

18
e
e is

ttonm.

e
1
Lo

The forward crd of the girder is extended and heolds a
ler that heas o V-shnaped groove in i fac2 and ruas on
forvard ocdge of the wvertical bnr of the halance link-—
vertical bor has a T section and the outstandiag
finished nag o long kaifc edge to fit the groove in
roller. The longth of the bar is such that the girder
be set for a nodel of alnmost wny depth and may risc and
1 with it to any rcasoanable cxtont without running off
bar. In extreine censcs the bar can be raiscd or lowered
raising or lowocring thc vhole dynanometer on screws,
the nmovenent is very rarcly accossary.
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is

1

e secn, the vertical bar is connected to the

two Doll cran%s by inclined cxitensions

ons ~rc V-shapod in plen and the vortlc 1 leg

ranks are double. This conmstruction gives thc
a G L cronks stahility agoainst lateral

the girder,. The Torwnrd cxztending legs of both

their forward ends
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f o centrael third arn of the lower
the eye of the dynamon-
¢ linkage then is such

¢ ¢of the dynanoncter

airce of the model, no

ol bar at which tiae pull

Fron thoe lower ¢
1 crank o link exte
r spring. Tl
t thc pull excrted
ing o
ter what the point ¢
the resigstonce is applic

Vertical staffs on cach bell crank suvpport inertia
ance weilghts that con be so adjustod that their
1 balocee alnost cxoctly the incriin of th
o,

Q
fwte

noic id, in this ﬁLilur, the deflection

1

eter spring, couscd by ~ccelerating thc car
rs ond the tinme rcqulreu to reach o stead
sidcrnbly roduced,.

[ n

The drnanoneter sprinsg that is nost repularly used
s o minvenae t cf the rosistance llne on the record of
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8-1/2 inches for 18 pounds of resistances When it is nce-
essary to measure a higher value, the auxiliary linkage
with the uppsr weight pan is used %o suppress the zero of
the dynomometer. A 10-pound weight in the upper pan de-—
flcets the dynomometer spring forwoard and 1t requircs a
10-pound pull on the veriical bar to bring the spring back
to zZero.

Tio dyanomoneher is calibrated by placing weights in
the pan on the forword link, wherce they produce deflec—
tions of tho dynanmoncter spring exactly cs do pulls on the
vertical bar.

If the zero rcoding
in the tclltale rerecn
adjusted by a slight c i
ing spring thoet is loecated at the upper cor
linlk,

bear when vicwed
line, 1t can be
on of tae adjust-
d of the forward

Tne entire linkags is constructed of steel tubing and
plate welded together and all the jolants are fitted w1bh
ball beariness specially selected for conceabtricity and ra-
dial clearace. "he visitor may think the vell cravks and
links rathz2r crude in aprearocrnce dnt tlhe worlmanship useced
in locating the cecnters and irnsuring that the lengths of

ot
=

all the parts arec corroct is of o ver: basit.

The knisfc odge on the verticol bar is the only onc in
the systcm. The uge of ball bearings in this service has
been very successful dut ths sceret of the success is the
fact tuat no matter hou smoothly the carriage runs there
s alwars o vibraiion of small amnlitude but fairly Hi?h
frecoucncy. When vibrating in this manncr, ball becariangs
heve practically no friction and are as cffective as knlfo

cdges - and much simpler to usc iu coanstruc tion.

=t

The maximum movemants of the linkoges are oxtremely
smell - a 100-pound pull (rorcly encountersd) would cause
the dyncmometer spring to deflect about 0,05 inch at the
lower cyc. The actual measuring deflcection, however, al-
ways corrcesponds to the raangze between zero and 18 pounds
becouse the weight in the upper pan counterbalances all dbutb
the last 18 pounds. lthouzh the device does not give a
measurencnt ot zero position it is near enough for practi-
cal purposcs.

With models of normal size, 7 to 9 fect long, the
usual accuracy with which the vorious gquantities are mcas-
ured is belicved to be as follows:
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Speed, ft. per scce. =0.1
Resistance, 1D, ‘ =,1
Trim, docgrees x,1
Triamiag moment, 1. ft. *1.0
Load, 17 T.2
Draft, in. =, 1

Ia special cascs, thesc values nay be bottered to suilt
requirencrts; and, on the othe hand, the conditions of the
tests moy malke it impossible to realize then.

Lo

The mothods of mensurin; the trim ard the trimnmiag no-
ment are illustrated in enlarged detoil ot the side of fig-
ure 4. TFor o free-to-trim tent the retual conter of gravity
of tho nodel is made to fall ot the point corrcsponding to
the ccnter of gravity of the full size -~ thoe plvot point -
by balance weights, horizont~l and vertical. The horigzontal
woights arc usually inside the nodel, the vertical oncs arec
fitted on the staff scen in the figure. Any notion of the
nodel avout the axis (c ore vity) is indicatcd Dby a
pointer that swings wit 3 del ~nd indicates on a scalce
on the top of the girder,. T~is scale is read by the obscrv-
er scatced alongside the

(&

5

In tx¢ tin wing l1ift is sinmulated by
the pu11 £ 8 thnt runs subnerged at the right
reey of the carri.~ hyirofnil is mounted on the lower
end of o stecel blacde, the upper ond of which is carrisd on
a pin in the lower end of o vertical bar that operates be-
twecn guide rol crs. fTho asgle betweon blade and bar, and
hence the angle of attnck of the hydrofeil, is controlled
by adju“tlhh SCYCWSe The naprle of attack of the hydrofoil
docs not vary oautomatically with the trinm of the nnodele.

The downward pull of the hydrofoil is transmitted
‘throusgh the vertical bar iato the wire rop: by which it is
suspended nnd thus to the axis at the center of gravity of
the nodcl,

The 1ift generated by the hvdrofoil is measured by a
ring dynemomcter in the lince between hydrofoll axd nodel,
the extension of whicih is indicatcd by a dial gage that !
rcads to 1/10000 inch. A simple calibration cenabdles the
1ift to be obtained in pounds.
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‘Whon the tests of the nodel arc to be nnde according

"t0 the @feonernl method3-ﬂirstwsuggeﬁtedwbyASQowald,(refer—

ence 2) and ceveloped by Schrdder (reference 3), the hydro-
foil gear is tilted up out of the water and disconnccted
and the device is arranged to meagure the trinming nonents,
as shown in the lower right-hand diagran of figurc 4. The
load of the nodeél is varied by changing the weight on the
counterweight pan. The trin is fixed, ond any attonpt of
the nmodel to change trin will be roesisted Dy the trinming-
noment spPringe. The deflection of this spring, which is a
neasurce of the trimmiang nonent, can be read in thousandths
of =n inch on a 4ial gnge that measurce the notion of the
cnd. of the pointcer. The deflection of the spring is so
snell (0.1°9 for noxzinun rnonent) thuat neither trin nor re-
sistance is chanced enocugh to affect the nensurencnts,.

=1

e rise whan free to trim, or the draft at fixed
trin, is indicated by the nmotion of the pointer on the cnd
of the staff that risc: obove tha niddlle of the girder,

as it moves up and down over o scale. Usually the scole
is set o0 reod zero when the keel of thiwe nolel at the step
touches the water.

Two elcctric tachomecters ara cperatcd from the shoaft
of ono c¢f the propelling nobors. One is plnced ot the
notornman's position anl ig used to indicate the speecd ot
which the carriane runsji the other is nounted under the
carriace to the left of the model and above ite.e This ta-
chomater is mounted in a frame upon which are scet figures
representing the run number, the date, and the model num-
ber.,. Yhe run number, the date, and the model number ap-
pear on both back and front, the specd only on the front.
Photographs may be taken from a number of positions for-
ward and aft of the model and provide a very good quali-
tative record of the performance of the modcl.

Mhe enlarged tank and the altered carriage have op-
erated practically as expected. The anticipatod gain in
the number of points recad per run has been obtained without
difficulty. The maximum number of points rccorded in one
run beforc the enlargement was 12 although the usual maxi-
num was 8 It is now casily possible to rccord regularly
14 or 15 points at the slower spcéds., o
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THE METEOD OF TAXING AJD RECORDING DATA

In the ecarlier work of the N.A.C.A. tank the tests
erc oll of the specific type and the data were cxpressed
guaatitatively in fect per second, pounds, and pound-feect.

After the iatroduction of tho general method of tosting

it became apparcnt that n betior method of ecxpressiag the
data wos uccessary and, with few exceptions, he date from
the general typce of test arec now expresscd in the form of
the well-known nondimensional coefficients.

A
JLond coefficient CA =

&

ub

) E

. Resistance coefficicnt ~CR = 2
. wb

-

. M
’“NM“ﬁMomcnt cocfficient Cpy = —
AN . . . U PR

Wb
v
Specd coafficlient Cy = —=
L Vab
é
n P4 £ - ¥ a = —
L/Dlmiz‘m:o ffi 1t Ca 5

in which, in the H.A.C.4. tank,
A is weight oa woater, or load, 1lb.
L ¥V, spced, feet per sacond.
L R, rcesistance, 1b.
v M, trimming monent, 1b.-ft.

-

L a, draft, ft.

Hy
otk
.

LW, speccific welgkt of water, 1lb. per cu.

b, bean of hull, ft.

L &, ncceleration of gravity, 52.2 £t. per sec®

To these coefficients snoulﬁ"ﬁﬂ\%duuc the ratio A/R. It
should be remembered that in Amcerica this ratio is used as
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gencrally as €, the g%ning number, is used abroad and

cdhate AfRo= df€e o Dol

It is relatively casy to obtain nuch of the data di-
rectly in cocfficicnt forme The nhaxinun load of the nodel
is node to correspond to a round value of Cp  and the
load is varied by amounts that correspond to defiaite val-
unes of OCp, wusually 0.10, 0.05, and 0,025, The weights
for preoviding thesc amounts arc covered netal boxes and
the corrcet weight of each is obtained by fitting shect
lecad and fine shot into pockets inside the boxe.

The method of taking and recording data can best be
unceorstood by following the operation in detail for a part
of a test of ¥oACade model 74-A, made according to the
genoeral nethod.

Before the test begins it 1s decided at cxactly what
spceds, loads, and {trinms tn adota will Dbe taken. The
rangcs for the varicus quontities arc usually dceided fron
czpericuce and information conobrnivm the type or the pur-—
posc of the form that is $to De te%tod.

Specds are not proscribed Dy cocfficient becausce they
annot bo set with sufficicnt cccurncy. Instead, the
speeds arc prescribed in steps of 1 or 1.5 feot per second
in the region of the hump and beldw, 2 or 3 feet per sccond
Just after the hump, and usually 5 feet per second at high
specdise

Loades are prescribed by cocfficient, usuclly beginning
with Cp = 0,025 or 0.050, then Cp = 0.10 and continuing
to incrcasc by valucs of GA = 0,10 to the moxinun to be
investigated

Trins can be prescribed to dogrees or half degrces.
Usually the trim is varied by 2° increments over a range
that will include the zerc m=nent and the lowest resistance.

It should be emphasized, however, that no program is
rigid., If anything develops during a test that indicates
o need for a change or an extension, the program is altcred
to suit the need. Eoch set of data is plotted immediately
after it is obtained and the prosram may be nodified cone-
tinually as reguired.

The crew reguired for nnking a test according to the
general nethod consists of the following:
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(1) A motorman is stationed at the forward end of

the centerline girder. He controls the speed
of the carrisapse as dirccted and endeavors to
nake it precisely what was called for but ob-
scrves a tachsneter oad records the speed in-
dicated.

(2) A "lynanoncter man!" is stotioned at the dynamon-

(3) A erew chief is stati

(4)

(5)

(8)

In

"y,

ny

The

The

ves on the scrccen of the dyna-
o1 of the spot of light that
esigtance, rececrds its position
Anta, and operates the switch
ro te thke o reccord, Be-
ion, he chcckxs the zero
reading and, Aduring the run, he.nakes such
a”jvstﬂoﬁts of the zero as arc nccessary by
atting weights in thoe gzero correcting pan.

s oned beside the towing
girder. Ee sets the trin at which the nodel
is tc be towoed and renls the Graftard thc dial

indicating the trin nomant while it is being
towcd., (In frec—-to-trin tests he recads the
trin, the risc o

f thoe ceateor of zravity, aad
tne dAinl .that indicntes the 1liftin;; force do=-
vcecloped by the f I also acts as a
cnptain fur the s oand plots the
date, rT™an by run, and directs changes in load
anrd spacde.

the abscnce of thoe proJect man he is in charge
ho

of tl testbs.

weilght nan' is gtationed Just behind the large
ﬂnﬁpluh cylinder ané the counterweight pan,

¢ changes tie welphts on the paxr, when and as
tirected, in order to produce definite loads
~n the watcr.

.

oy

(o]
-t

"project man'" has no fixed station. He is in
harge of the test and observes and records
the behavior of the model as it is related to
any of the variablese. He may change the pro-
gram as he desircse.

O

o
g) w

nan at the control desk keeps the voltage of
the field current constant, nctes the maeximunm
armaturc current indicated, and notes the specd
indicatcd by a voltmeter in the armature cir-




i G e -

il

NeAeCelAs Tochnical Memorandum ¥Mo. 918 17

cuit that is calidbrated in fect per second,

Tomrews e O sdignal from.the.carriage, he reverses the

notion of the carriage. He can stop the car-
riage at any time and, if desired, could con-
trol its speed. : B

a -

The nodel to be tosted is sccured to the towing girder
by the fi*ting that is suspeaded on the pivot. The loca-
tion of the pilvot is made to coincide . as ncarly as fecasible

with the posiﬁlon of the center-of gravity of the full-size

caplane and the modcl is ballasted to dring the horizontal
position of the actual center of gravity vertically under
thot position. If the model docs not represent an actual
machiane, the pivot is locoated somewhoere near what would be
o reasonavle wosition for the center of gravity if the hull
were part of a complete maochinc.

Tie nodcl i
tae draft gege

i
main step Just ¢

8 sat to thc trinm to be investigated and
s gsct to read zero with the Xeccel at the
ouchinz the watcr.

et

“The upper part of o fixed-trim data sheet as it is
preparcd Dby the crcw chief with the test data filled in
is shown in figure 5. Host of the itens in $the heading
aroc self-cxplanatory, but J.0. gives the "job order® or
accounting number to which the costs of the test are to

-be charvcd and C.M. the position of the center of nonenitse.
P

P.S.D. rows that for a cuonge in resistance (CR) of
0«1 the gcflcctlon of the light spot on the screen 1is
5.94 diache The notation "windazc componsated® indicatcs

that in thls particular test the windage of the exposed
parts of the towing gcar was balanced by that of a disk
nounted on an cxteasion of the upper inertia bhaloance staffe.

The tine. of bnminniug the run is entered on the sheet
and the run nunber is placed adjoining. Several points
nay be obtained on the run and the first point is given

letter a3 the others follow in sequcncc. The predeter-—
nined loand for the first point 1s indicated as a coeffi-~
cient (in this case 0.3) and the load for each successive

point is similarly indicated.

The notorman is told thnt the speed will be 25 feet
per sccond oand that therc will bs 5 pointse The weight
nan is told that the first load will Dbe a coefficient of
0.3 and thot the coefficients will increase to 0.7 by ine
crenenss of O.l. The dynanometer man reports that the
zero corrcction is gero, that is, that there is no weight
in tho zero correcting pan.
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. The carriage is started and the nmotornan endeavors
to Dbring the carriage to exactly 25 feet per sccond as
quickly as he can. He overshoots slightly and finds the
tachonecter reads 25.3 when the specd becones constant,.
When the. carriage is at constant speed, he signals and a
set. of roadlnbs is taken.

The crew chief finds that the dial on the trimming-
nonent spring indicates o doflection of 2/10000 inch aad
the draft of the model is l.4 inches. The dynanoneter
nan finds that the deflection of the light spot indicat-
ing resistonce is 3.8 inches. .

The dynanoneter man tokes whatever time he doens
necessary to get a good record of resistance, usually not
less than 5 sceconds, then signals the crew caief. If the
latter has his own readings to his satisfaction, he sig-
nals the weight man who removes a Cp = 0.1 weight fron
the counterweight pon, thus raising the load to C, = 0.4.

o>

The crew chisef signals for a now reading and the
process is repeated. The repetition continues until the
end of the tank is reached - in tlhis casc without a change
in speeds

At the cend of the run the notornan reports the read-
ing of the tachoneter to the crew chief who enters it pn—
der "V Rdg." The dynanonmeter man reports his successive
recadings as inches of deflection and they are cntered under
"R Rig." He also rceports that for the last point he sup-
pressed the zero by CR = 0.05 and the corrcction is en-
tercd unider "gzoro corr.”" A zero correction of 0,05 corre-
sponds to a doflection of the light spot. of 1/2 of 6.94
inches or %.47 inches. This corrcction is called 3.5
inches and added to the 5.5 giving "R net" of 9.0. It
will Dbe noted that the corrcecctioan is added from then until
run 37f, wherec an R recading of-0.4 was obscrved.

The data having becn noted, the model is lifted fron
the water and the carriage is returned to the south end of
the tonke While cn route the date as to resistance and
monent arc plotteldl and in pected to see how the curves ap-
pear.. ’ '

As'soon os the waves have guicted (vsually by the
tine the return is comploted) another run is. begun at 30
feot per sccond and with an initial load cf Cp = 0.7,
This time the load is reduced by stages until, at the low=-
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est load of Cp = 0.2, the moment spring does not indicate
“and the-draft appears--to be zero.. The last point of this
run is repeated as the first of the next but, as the record
shows, thc motorman misses the speced and recads 28.5 feel
per second instead of 30. The point at Cp = 0.2  is fol-
lowed by one at G, = 0.1 and then the speed is changed
from nominal 30 to nominal 35 feet per sccond, (in reality
3%.0) and the load.is rcduced to GCp = 0.05.

EW@«‘ -

BEe=Ee

NS

The other notes on this shest are self-explanatory
except that the "38e" in the column headed "Photo" indi-
cates that vphotographs of the spray were taken as part of
the record of that point.

s

The data sheets go to the computers together with the
developed records from the camera, and a sccond sheet is
preparcd = the "Sunmmary Sheet" shown as figurc 6. .

Most of the hcadings of this sheet zlso are sclf-
explenatory, but "dDyan. Cal. 014434 indicates that, on
the record of resistence, the meoasured dlstance of the
meon resistance linge from the zcero line in inches is to be
multiplicd by 0.01443 to reduce it to terms of Og. "Mo-
ment Calibration Y-3" indicates the particular calibration
to be used for-the reading of the nmoment spring dial in
order to reduce 1% to terms of CN'

F

Tho truc speed for cach point is dcternined from the
record Dy counting the record of the number of feet in a

given nunber of scconds, is reduccd to CV’ and entered
under "Speced Coef."

The distance of the mean resistance line from the zero
line is neasured in inches, coanverted to Oy, and entcred
as "Gross R Coef." The gero corrcction is taken from fige-
ure 6 and cntered as "Zero Coef." In this case, there is
no corrcction for windage of dynamnonmeter structure; if
therc were, it would be entered in coefficicnt form under
, "¥ind. Coef." Finally under "R.Coef." the algebraic sun
of the "Gross R. Coefe,® "Zoro Coef.," and "Wind. Coef.!

; is ontered as the final valuec of Cx for that pointe The
» o other conversions arec obviouse.

The records of the points shown on figures 5 and 6
i were not suitable for reprolduction..
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The data fronm the sunmary shect (figs 6) are plot-
ted on o separate sheet for each valuel of © T with Cy
as abscisso, Czg and Oy as ordinates, and OCp as pa-
raneter, giving the well-known families of curves as in
figures 7 (a) and 7 (b).

In order to obtain a view of the manner in which the
values of Cp and CM vary with trim, the curves are rc=
plotted as cross curves at sclected values of Cy with
T as absclssa, Cp os paraneter, and Cp and Oy as
ordinates. The cross curves derived fronm the sunnary
shect of figure 6 will Dbe found on the right-hand side of
figure 3 for Cy = 4.5.

This description has included only a part of the data
from the tests of this model but enough to 1llustrate the
nethods - The conplete data for N.AdsCoelAs model 74-A will be
found in rceference 4.

USE OF THE DATA

As a result of our studies of mcthods for using data
from tank tests of models of hulls of scaplanes, we have
come to the comnclusion that the relative merit with regard
to resistance of fornms for hulls can be deternined only by
considering each form as part of a specific conplete sea-
plane and ncking take-off conputations for each., Each
take—off computation will give quantitative results that
can be compared with sinilar results from the others. In
addition, there nmust be a qualitative comparison to detcr—
nine the relative merits as to spray and, cventually, as
to porpoising and behavior in a scawaye.

The nethods of plotting and »resenting the results of
tests that have Jjust becen described arc well adapted for
this work. An exanple, in which the data that have just
been presented will be used, will be the best demonstra-
tion., The conputaticn is for sea level and no wind.

Let it be ossuned thet it is proposced to use a hull
having the fornm of W.A.C.A. nodel 74-A, as shown in figure
9, for a very large flying boat such as has been suggested
by the United States. Maritine Commission for possible fu~
ture trans-Atlantic usc. Accepting the assunptions nade
in that report, we have:
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Gross weight . . . . . . . . 250,000 lb.

i Wing loading « « « o« o .':'. &4%wib.ysqL"£t.
Engine power, nonianal. . . + 12,000 b.hp. for
tokoe=off . . 15,000

The nunber of engines and the cetails of the propellers are
as yet unknown but, from previous conputations and ‘experi-
encec, therc is a thrust curve for o seaplane having a
smaller power with four enginecs and it is assumed that

the thrust of the propellers will be proportional to the
powers

S S

The wings are assuned to hove split flaps of 20 pere
cent chord width over 60 percoent of the span and, in
starting, the fleps arce sct 300 down. Fron a wind-tunnel
test of a model having a somewhat similar arrangement of
wing ond hull, therc arc obtained the 1ift and the drag
curves of the complete craft and the lifts ond the drags
of the various components. The curves of hull and parasite
drags.are corrccted to suit the differcnce in wing loading
and the drag of the hull is dcducted. The naxinum 1ift is
corrected for scale, and the 117t and the drag curves are
carrected for ground effcct. Miere follows:

!
,
|
i

Wing QTread o o o o o o o o s s o o o « 5,560 sq. Tt
Geonetric aspect ratio (assuned). o« 10

Span. e ® e o & o e o e e e @ ¢« o o @ - 236 ft.

| fcan chord. « o« o o o o s o s o o o o 2%.6 ft.
t . N .
: Height of wing above water (assumed). 20 ft.
. Heizht of thrust line above center

of gravity (assumed) o« o o o o & o 8 ft.

The oangle of wing sctting relative to the hull will
have o considerable influence on the performance. If 1%
is nade %oc low, the hull will trinm too high during the
high-specd part of the run; if it is made too high, the
hull will be down by the bow in flight. A conpronise is
necessary, but it can be nadc intelligently by assuniag
several angles and naking prelininary computations for
each according to the following method, It is not aeces-
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sary. to nake the conplete calculation -bu
thot covers the high-speed range. In th
problen the angles of wing setting consi
70, and 99, Inspection -of a sketch show
be sure to cause the hull to be too much

Ho.'918

t only the part
is particular
dered were 59,
ed that 90 would
down by the bow

while cruising and this angle was not conputed. The

curves of high-spced rosgsistance for wing

settings of 5°

+ and 7° (fig. 10) show that 7° gives a lower high-specd

resistance than 5°, and ccnscequently:.
Aaxgle of wing setting « o ¢« o o o o

The curves of lift and drag coeffic
dynanic structure, assuned to be general
of the ecarlier nodel, are now replotted

"hull for an angle of wiang sctting of 70,
the angle of attack of the wing giving f
plot is not essential but it reduces the
Errorse

The best size of the hull cannot be
date fron the test of the model. It nay
anythinz between that corresponding to a
at rest, CAR = 0,35, and the corrcspond

'70

ients of the aero-
ly sinilar to that
against trinm of
instead of against
igure 11, This new
probablility of

pradicted fronm the
be found to Dbe
load coefficient
ing to CAR = 1,0

or nore, according to the leuagth-Yean ratio and the other
] b3 &

conditions of the problen. In the case

model 74-A, the lincs were drown and.the

was assuned at C = 0.60. In other wo
by

of the forn of
water line at rest
rds, the form was

inagined as starting at that value of CAR and the flow

ané spray werc inagined to suit, abk nust

every designer of hulls,

In this particular casec, an estinat

nade for three valucs of Cp, ¢ 0.50, O.
L

‘was found that OCp, = 0.55 gave the best

Exh

~be the practice of

e of gect-awey was
55, and 0.60. It

result and the

work only for that valuc will be described in nore detall.

,Ffom the assunptions that
— 2
CAR = 0.55
Ar = 250,000 1b.
and

w = 64 1b, per cu. ft. (for sea

water)
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\ . it follows that: |
i}ﬁz:w F— Lo e e s e e L
| J

250000 - .

bean, b = 5219;21 ft.

k' J/ 64 % 0.55
and conseguently that: ;
A A
CA= . : 2,..-=
64 x.(19.21) 455000
. R
CR= - =
64 x (19.,21)° 455000
M M
Cu = = _ '
64 x (19.2)° 8750000
v v
CV= =

24,9
M%B.? x 19.2

(2)

(3)

(4)

The 1ift and the drag of the acrodynamic structure

arc conputed as follows:

2

1t

L = 1/2 x 0.002378 x 5560 Cp, V° = 6.60 Cy V

D = 1/2 x 0,002378 x 5560 Cp V°

| suned to be 115 percent of the stalling spced.
3 ing spced is obtained fron

260,000 = 6.60 X 2.3 Vg°

250000
» and VS =\// 5000
- _ A 6.60 X 2.3

128 ft. per scc.

]

and V-~ 1,15 x 128

il

1l

147 ft. por scc.

2
6.60 Cp V

(5)
(6)

As a first approximation, the get-away speed is as-
The stall-~
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dhen the resistance curves sinilar to figure 7 (2) for
this nodel are exanined they show that - as night have
becn expected because of the low step and low angle of
afterbody kecl ~ there are large increases in resistance
(obviously caused by wetting of. the afterbody) for a
range of spceds that includes the V, Just assuned and
for trins of 6° and above. The curvés for 3%, 40, and 5°
show no such increases. The trim at take~off, therefore,
nust not excced 5° cond, if take-off occurs at 59,

v / 250000
E WV 5.80 x 1l.74

. = 147.5 ft. vDer scce.

oy

In this casc the differcnce is insignificant and

5
-eitkher valuz of V_, can be used in the conmputetions. Had
the differcnce beenl great, a study would have been made of
the liniting conditions indicated by the results of the
tests and the approxinate value would have been selected
to suit.

The resistance at a few points over the hump and a
fewy morec at the 5° trin just preceding the get—-away, when
conputed by thce present method and comparced with the
thrust at those speeds, show that in both ranges the thrust
availadle for acceleration is very nearly the same. This
‘condition is considered a desirable onc and the complete
conputation is undecrtalzen.

If the cxcess thrusts differed grcatly, the size
would ™e altered ~ incrcased to decrease hunp resistance
and increase high speed resistance, or decrcased to ine-
crease hump resistance and decrease high speed resistance =
until the desired condition was obtained. '

The curve of the expected thrust in pounds is drawn
against specd in feet per second as abscissa (fig. 12) and
preparations are made to derive the curve of resistance
froe~to—-trin - taking into account the trimming noment
produced by the thrust. The. curve will be derived to ex-
tend beyond the point where running at best trim under

the control of the pilot is possible.

A conputation sheet is prepared, consisting of verti-
cal columns and horizontel lines. The columns arc headed
in order with the values of Cy wused ir preparing the
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cross curves of Cp and Oy of the nodels For cach of

the wvalues of Cy, - the procedure-is the sane,.

In toble I three columns token from a full sheet are
reproduced for the purpose of illustrating the method. In
addition to.the synbols at the left, for the successive
itens in each colunn, there are given at the right the def-
inition of each iten, the unit in which it is expressed,
and its derivation.

The derivation of iten 8 - T, trim (first approxi-
nation), in nore detail, is as follows: Eanter the momen
curves of figure 8 at the value of Cy egual, and oppo-
site in egign, to the value of OCynh. Follow horizontally

EN
to a point corresponding to the load parameter of Ca .
. app
It will Dbe necesswry to use carc in interpolation. The
value of the abscigsa of the point is the approxinate
trin T.

Waen iten 12 - 0p =~ 1load cocfficient -~ is found, it
should be coupared with the veluce of iten 7 - Ca_ - and,
app
i1f the agrecenont is casornable, the value of itenm 12
should be used as a seccnd approximation and items 8 to 12
sheurld be conmuted o second tine.

e

The value of iten 14 - Cp, resistance ccefficient -
is obtained Yy entering the cross curves of figure 8 and
going vorticaelly up the value of T to find the value of
Cp corrcsponling to the value of T and Cp.

The values of R + D, obtained on the conputation
sheet plotted against speed on figure 12, zive the curve
cf resistance free-to-trin.

It is assumed, however, that the craft is vpernitted
to travel free-to-trim only tc a speed of 55 percent of
the got-away speed and that from then on the pilot will
control the trinm to give nininun resistance.

It then becones necessary to determine at what trins
the machine shall be held at high speed in order to ob-
tain nininun total resistance. The sinplest way is to
deternine the curves of total resistance at a nunber of
trins and then to prescribe the trims corresponding to the
lower envelope of the curves. This operation is somewhat
sinpler than the previous onc because the fixing of the
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trin T fixes the valucs of CL and Cp for the whole

range of values of OGOy from shortly after the hunp to
well beyond the ascsuned value of Vg.

The opecration is as follows: .

Asgsunie the values of T for which the curves are %o
be derived. Normally, the values range fron 30 to 70 by
10 intervals but in this case we knocw that T cannot ex
ceed 5° without excessive resistance, so we assume 3°, 40,
and 59, and obtain the values of Oy and OCp for cach
from figure 11l.

For each valuec of T. assuned, a conputation sheet is
prepared - gererally similar toc the previous one - and the
procedurce is much the sane. The colunns are headed, in
order, with the values of UV covering the range of specds
to be investigated as found in the cross curves of Cy and
CM of the nodel, and for each of the valucs of CV. tae

procedurc is the somc. Table II shows threc colunns taken
from o full sheet, with notations as in table I. The deri-
vation of iton 6 - Cn, recsistance coefficient - is the sane

as for itenm 14 of table I.

Fron the valucs of R + D for each value of T, &
sories of curves can De plotted showing the resistance of
the couplete craft ot the various fixed trims from near the
hunyp to where the craft 1s air-borne. It will be fcund
that he curves interlace, now one and now another being
the ninimune. If the trin of the nachine can be controlled
to keep on the nmininunm, the take-off will occur in the
nininun tine and distance.

In figure 12 the passage from free-to-trinm to fixed
trinn is indicated by the arrow head. It will be observed

-that, although 4° gives the minimum resistance almost %o

get-away, a lel up to 5% just at the end reduces the re-
sistance guite sharply and leads to the get-away.

In figure 12 the points indicated by triangles cor-
respond to the tabulation at Oy = 2.6 free—-to-trim; those
indicated by circles corresmond to the tabulation at CV =
4.5 at fixed trim of 4°. The same symbols apply in figure
11, where the lift and drag are derived, and in figure &,
where the approximate trim and resistance free-to-trim and
the resistance at fixed trim are obtaincd from the cross
CUTrveSs
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Figure 12 shows ohly one combination, as worked out

4forwwﬁARw; 0.55, . Similar curves for other values of CAR

can be obtained and. a comp]ete survey can be made of the

.effect on the e31stance of the various values.

The simplest and most rapid method of estlmatlng the
time and distance to get-away that we have been able to find
is given 1n reference 5 and it is applied in. figure 12.
Starting ot zero speed and resistance, a line is drawn as
incdicated with a slope of W on g where W is thé "gross
weight of the machine and g is the speod reached in 1
"ﬁcond ‘under the acceleration of graviity. W is plotted
at the sbale of R and thrust and g at the scale of
speed. Yhen this line'interbepts the curve of the thrust,
it is turned back at the same angle with the vertical, but
on the other side, and the zig-zag is continued until the
getéawaJ is roached. The tine in seconds to get-away is
the nunber of times the lirce is reversed, or intercepts
the two curves. Tae cdistance to get-away is the sum of
the respective abscissas to the points where the line re-—
verses, rc aaing them as distasces instead of speeds. In
this case the time to gaot-away is 83 seconds and the dis-~
tance run is 7,770 feot. '

This method of obtoining time and distance to get-
away is especinlly helpful where al ternative curves of re-~
sistance or thrust are encountered because it is simple to
apply and yet it brings out very cle arly the affect of any
changcs in thoe forms of the curves.

Comporisons to detcermine the relative merits as to
spray, porpoising, and behavior in a seaway have not becn
madce at the T.A.C.A. tank, ut it is hoped that some day
they can be made. TFor the present we present this brief
survey of the novel features of our tank, the methods of
testing models, and the methods of using the data in the
hope that they will assist those who uscd the reporis of
work in the H.A.C.4A., tank to understand how and why cer-
tain features are as they arc and thus to use the reports

with grcater casc.
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TABLE I :
odel 74-A by = 250,000 1b. Cop = 0.55
Free-to-trim, including effect of tarust acting 8 feet above center of gravity. Flaps dowanOo.
Item no. Symbol| Cy = 2.4 = 2.6 | = 2.8 Jefinition Unit Jerivation
i i i speel cosfficient assumed
1 i 59.6 | 64.6 | Au.6 | Speed f.p.s. | Equation 4
2 | ¥ 3,560 | 4,180 | 4,830 | Speed squarei (£.p.s.)8 V@
3z LT 52,250 | 51,700 | 51,000 | Tarist 1b. | Figure 12
4 i -418,000 17413,600 !—%O8,000f Moment tarust ib.-ft. | T x 8
i } ' )
5 Sl ~.048 | -.047 | -.047 ; Tarust ..oment coefficient Equation 3
. i ' R a
6 © .835 .808 | .777 ; Proportion of load 1 - (V/Vg)
7 Cﬂappg 460 L 444 E 427 gApprox. load coefficient P chAﬁ
8 T 7.4 8.1 ! 7.5 !Trim (1st approx.) degrees | Figure 8
9 ¢y 1.99 2.05 | 1.9951Lift cosfficient Figure 11
10 | L 48,800 i 55,500 ' 63,900 i Lif 1b. Equation 5
1| o4 201,200 | 193,500 | 188,100 | Load 1b. | 250,000 - L
12 CA 443 425 .41 Cp Equation 1
13 T 7.4 7.9 7.3 Trim (24 approx.) degrees | Figure 8
14 Cr .085 .087 .079 | Resistance coefficient Figure 8
15 R 38,600 | 39,500 | 35,900 | Resistance 1b. Equation 2
1A Cp L1756 .137 .174 | Drag cocfficient A Figure 11
17 D 4,100 5,200 5,600 | Drag 1b. Equation 6
18 R+ D 42,700 44,700 41,500 | Total resistance 1b. R+ D
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TABLE II

Model 74-A Ly = 250,000 1b, Cpp = 0.55
Fixed trim, 7 = 4° A Cp = 1.64 op =0.12
f g T e e e et
Item no} Symbol | Cy = 4.0 1 = 4.5 = 5.0 | Definition ¢ Unit | Derivation
| § ; i specd cocfficient | assumed
i | i i ;
1 v | 8.5 1111.8 |124.2 | Speel | fop.s. _| Bouation 4
2 1 y® | 3,500 12,500 ; 15,400 | Speed squared | (f.p.s.)®| ¥°
3 { L | 107,000 |135,200 l166,700 | Lift | Lo Equation 5
4 | p | 143,000 |114,800 | 3,300 | Losd 1. 250,000 - L
5 1+ Cp .15 | .253 |  .183 | Load cosfficient Equation 1
6 | oy | .058, .053| 047 | cop } Figure 8
v | R | 25,400 24,000 | 21,400 ; Resistance | 1t Equation 2
8§ | 0 | 7,901 9,90 | 12,200 | Drag L . Equation 6
9 | R+ D! 24,300 ! 33,900 | 33,500 . Total resistance |  1b, R+ D

b1
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1000 feet

Figure 1.- The relative dimensions of the
original and the enlarged N.A.C.A.

Water line S '

" Section a A

Original ' Extension
Figure 2.~ Cross sections of the original
and the enlarged N.A.C.A. tank.

tank,

. A, Towing gear assembly
1 = Anjle of attack adjustment 13 = Light source @
2 = Hydrofoil " 14 = Mirror
3 = Dasphot 15 = Stylus
4 = Towing girder 16 = Sgring 8
‘5 = Lift ring .17 = Counterweizhts
6 = Dial indicator . 18 = Indicator arm
7 = Draft scale 19 = Trim
8 = Inertia counterweight 20 = Water surface
9 = Calibrating pan 21 = Trimming-moment. spring
17 = Upper pan 22 = Trim adjusting Screws
11 = Zero adjusting spring 23 = Center of moments g}
12 = Camera 24 = Pivot (center of gravity of

airplane) )
B. Free-to-trim set up
C. Fized trim set up 3
DG
Figure 4.~ Arrangement of the
' towing gear of the

Resistance
dynomomeler

Linkage

see enlorged
detoils, B &C

enlarged N.A.C.A. tank,
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Hydrofoil

Angle of attack adjustment
Running rail

Guide wheels

Trolley wire

Distance tape
Photo-electric cell
Damping cylinder

Towing gate

Trim & momend vndicators
Draft scale

Inertia counterweights
Water surface

Resistance dynamometer

L O VO Y [

Spring
Mirror

Light source

Camera

Braking rail

Emergency brake

Emergency roller

Calibrating & tare wetght pans
Bottom chord of roof truss
Weights to counterbalance model
Pivot & center of moments
Frame with adjustable height
Center line of motor

Figure 3.~ The general arrangemenf of
the towing carriage of the
enlarged N.A.C.A. tank, |
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N.A.C.A. Technical Memorandum No. 918. Figs.5,6
J.0.568(~-8 NAGCA TANK SHEET__Z _

FIXED TRIM DATA SHEET

MODEL NO._Z4-A_NAME_Streamlined {Hull  test oateOct 2o 1937

'DESCRIPTION sStep” moodified v 'c.n..mai&azf_sge,-_&ﬁ.é_mﬁ'%*m -
F80._./ 0, OREBB., €74 IN.  TRMs_ i ° OBSERVERS A4 0CLLcy cok

indage com/vensa.fed

TIME nun’smmdon@mmol.om v v R jzero| R REMARKS
NO. SET. | RDG.| RDG. [CORR.] NET

£52 136 2 | fes 3 125 |25 a8 Qo
bl 24t 17 oL A5
c 63} 2.0 5 J?
o ra4| 25 A 73 | o
el /98] Jo -Z S5 |05 Fo
Ro¢ | I7al so3| 2.s 7 | o |a97| 495 & 45\ttt Llnal
bl _Go| t2 A 385 Z3s5
el 22l 106 5 26 N4
a4 EANWA o 2.6 S/
e /1 /0 .3 . 65] S1E5
£ — | — .2 -« los |3/
i-10d | 3dal— L] . 7 AR EEY Ak X) o
bl—rq| o ./ 20 | |
! a5]

cl- 9 K . 35 |a20) 75| 0 M«fé

Figure 5.- Sheet for recording data from general test.

J.0..56d8/-C NACA TANK SHEET_ 7
SUMMARY SHEET FOR COMPLETE TEST

MODEL NO. 7%/~ NAME sStream/fimed %// SCALE______DRG. NOS.
DESCRIPTION _5/ee rmocliFied
TEST DATE _s9/27/3 DYN. CAL._ .07443  MOM. CAL Ye20
WINDAGE  SURVE ensat 7=, COMP.__ALD __ cHKD. MG
W T e T
:2_%.;&& T2 37 Vrul i .og4yd .3 2\ oa3l 78 | .15

b|587)+.7 70688 op2gl A 2. 2/ |./3

c (38715 §4l.0546 ogyGl S| &3 |./50) 244 .45

of |28¢| 75|06/ o wobr| & | 2t 2pu| 2.9] 42

& |33\ 5 5p|l-0794 .05 2294 .7 1994871 3+ | 05 _

%Zg ‘»44,7 '.'./gg -o;ml s200| 7 | r03)|.250) 2-5|.155 Mm%

b Stz KN IAVYL? 1054 ¢ ol-243| 2.3 |. /45

C | 450, 2-571. 037/ S =3 2.0}, /25

d\ssp|t58 a2l -07. f Rl-goal 47 |.105

€\ b5 oogi .3 /1. /7.4 09

PlA3d =35 o0s | - lotsgl | — | — | — —

3da 4371303l o372 o o3l 2| —rfosgl 11 ) .07
b3/ 12-00l 425 ] .0289| ! |~ /8 t+o25| - F£|.05
c {77 2L AVELY ] -Q244/ asl -~ Ftog| -5 |.0a u«fé

Figure 6.- Sheet for summarizing data from general
test for plotting.
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Figure 7b.- Variatiom of Cy with Cy at

Figure 7e.~ Variation of Cr with Cy at
b R v T=4%, CA parameter.

T=4%, CA parameter.
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Figure 8.~ Var 1“10; gf cﬁ :ng Cy with Figure 12.- Variation of thrust and resistance
T at Cy=2.6 and 4.5. with speed. Construction for ob-
CA parsmeter, taining time and distance to getaway.
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. Fig.9

Figure 9.~ N,A.C.A. model No. 74-A.
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Figure 10.- High-speed resistances for angles of wing
setting of 5° ani 7°,
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Figure 1l.- Variation of Cr, and Cp of aerodynamic struc-
ture with trim of hull.




